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ABSTRACT
The NASA Double Asteroid Redirection Test (DART) spacecraft launched November 24, 2021 carrying
LICIACube, a 6U CubeSat. As a low-cost mission utilizing a ship-and-shoot launch campaign during a global
pandemic, the DART and LICIACube teams encountered many unique engineering challenges during integration
and test (I&T). This paper explores both the successes and lessons learned in reducing the engineering risk from the
procurement of an additional flight dispenser to providing and sharing of EM hardware for providing remote support
of various tests.
The DART mission is led by the Johns Hopkins University Applied Physics Laboratory (JHU/APL) in Laurel,
Maryland. DART is an on-orbit demonstration of asteroid deflection using the kinetic impactor technique on a
binary near-Earth asteroid system called Didymos. The system is composed of two asteroids: the larger asteroid
Didymos (diameter: 780 meters, 0.48 miles), and the smaller moonlet asteroid, Dimorphos (diameter: 160 meters,
525 feet), which orbits the larger asteroid. The DART spacecraft, built at JHU/APL, is set to impact Dimorphos
nearly head-on (in the fall of 2022), shortening the time it takes the small asteroid moonlet to orbit Didymos by
several minutes.
The Light Italian CubeSat for Imaging of Asteroids (LICIACube), DART’s companion CubeSat, was contributed to
the DART mission by the Agenzia Spaziale Italiana (ASI) and built by Argotec in Turin, Italy. LICIACube will be
deployed from the DART spacecraft roughly ten days prior to DART's impact to capture images of the event and its
effects. The CubeSat will provide imagery documentation of the impact, as well as in situ observation of the impact
site and resultant ejecta plume. The design of the LICIACube spacecraft is based on a 6U platform and carries two
instruments: LEIA (LICIACube Explorer Imaging for Asteroid), a narrow field panchromatic camera to acquire
images from long distance with a high spatial resolution and LUKE (LICIACube Unit Key Explorer), a wide field
RGB camera, allowing a multicolor analysis of the asteroidal environment.
MISSION INTRODUCTION

orbit. Planetary defense is "applied planetary science"
to address the NEO impact hazard.

Double Asteroid Redirection Test (DART) is NASA’s
first planetary defense demonstration mission from the
Planetary Defense Coordination Office (PDCO), that is
managed and implemented by the Johns Hopkins
University Applied Physics Laboratory (JHU/APL).
Planetary defense includes capabilities needed to detect
and warn of potential asteroid or comet impacts with
Earth. Near-Earth objects (NEOs) are asteroids and
comets that orbit the Sun, but with orbits that bring
them into or through a zone between approximately 91
million and 121 million miles (195 million kilometers)
from the Sun, meaning that they can pass within about
30 million miles (50 million kilometers) of Earth's
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DART is the first planetary defense mission developed
to demonstrate asteroid deflection using the kinetic
impactor technique on a binary near-Earth asteroid
system. The DART spacecraft is designed to impact an
asteroid to change the speed and path of the asteroid as
a means of changing its course. DART’s target asteroid
is NOT a threat to Earth, rather it serves as a testing
ground.
Didymos System
The DART target is the binary asteroid system
Didymos which makes an exceptionally close approach
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Figure 1 DART Mission Overview showing the Spacecraft impact of Dimorphos
to Earth in the fall of 2022. Didymos (which means
“twin” in Greek) is the binary asteroid system selected
as DART’s target, and is composed of two asteroids.
The larger asteroid is Didymos (diameter: 780 meters,
0.48 miles) and it is orbited by a smaller moonlet
asteroid, Dimorphos (diameter: 160 meters, 525 feet).
Currently, the orbital period of Dimorphos around
Didymos is 11 hours and 55 minutes, and the separation
between the centers of the two asteroids is 1.18
kilometers (0.73 miles).

the impact, as well as in situ observation of the impact
site and resultant ejecta plume [2]. Figure 1 illustrates
how the DART spacecraft impact will alter the
Dimorphos orbit about Didymos.
The main structure of the DART spacecraft is a box
with dimensions of roughly 1.2 × 1.3 × 1.3 meters (3.9
× 4.3 × 4.3 feet), from which other structures extend to
result in measurements of roughly 1.8 meters (5.9 feet)
in width, 1.9 meters (6.2 feet) in length, and 2.6 meters
(8.5 feet) in height [3]. The spacecraft has two Roll Out
Solar Arrays (ROSAs) that when fully deployed are
each 8.5 meters (27.9 feet) long. The total mass of the
DART spacecraft is approximately 1,345 pounds (610
kilograms) at launch and 1,210 pounds (550 kilograms)
at impact. DART will crash itself into Dimorphos at a
speed of approximately 6.1 kilometers (3.8 miles) per
second.

Didymos system is both favorable for intercept and for
Earth-based observing post-impact, and its secondary is
a representative size of the NEOs that are potentially
hazardous to Earth. The DART spacecraft will impact
the secondary object, Dimorphos, nearly head-on,
altering orbit period of Dimorphos with respect to
Didymos.
The DART spacecraft moving at
approximately 6 km/s will impart an orbit period
change to Dimorphos that is measurable by Earth-based
observers within weeks following the impact [1].

LICIACube
The DART spacecraft carries the Light Italian CubeSat
for Imaging Asteroids (LICIACube) during its cruise
phase. The design of the LICIACube spacecraft is
based on a 6U platform developed by the aerospace
company Argotec and contributed by ASI.
Approximately 10 days before impact on Dimorphos,
the DART spacecraft will deploy LICIACube in the
proximity of the target. LICIACube will perform an
autonomous flyby of the Didymos system ~ 3 minutes
after the DART impact and then will downlink images
directly to Earth after the Dimorphos flyby. Figure 2
illustrates the deployment of LICIACube from the
DART spacecraft.

DART Spacecraft
The DART spacecraft launched on 24 November 2021
and will intercept with Dimorphos on 26 September
2022 at 7:14 pm EDT. The impact will occur when the
Earth-Didymos range is close enough to allow
observation by Earth-based optical and radio
telescopes. The spacecraft will be guided to the impact
by its on-board autonomous real-time system Smallbody Maneuvering Autonomous Real-Time Navigation
(SMART Nav). In addition, DART is carrying a 6U
CubeSat provided by Agenzia Spaziale Italiana (ASI).
The CubeSat will provide imagery documentation of
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DART DEVELOPMENT CHALLENGES
DART is a Class C mission per NASA Procedural
Requirement (NPR) 8705.4 which is defined by a
medium to low complexity, short (<2 years) mission
lifetime, medium to low cost, and a higher risk
tolerance.
Table 1 shows the DART mission
development timeline. The baseline mission concept
included an observer Cube Sat with LICIACube
formalized after PDR. This timeline fostered an
accelerated definition phase with tight interactions
between the two engineering organizations. The result
was a minimal and simple design at all interfaces.
Table 1:
Figure 2 LICIACube Deployment from DART
Spacecraft
LICIACube will capture images of the DART impact,
the resulting ejecta cloud, and potentially a glimpse of
the impact crater on the surface of Dimorphos.
LICIACube has two instruments: LEIA (LICIACube
Explorer Imaging for Asteroid), a narrow field
panchromatic camera to acquire images from long
distance with a high spatial resolution and LUKE
(LICIACube Unit Key Explorer), a wide field RGB
camera, allowing a multicolor analysis of the asteroidal
environment. Figure 3 shows the 3D view of the
LICIACube spacecraft with payloads, LUKE and
LEIA. The images captured by LICIACube will allow
study of the structure and evolution of the ejecta plume
produced by the impact, a fundamental task for the
determination of the momentum transfer obtained by
DART. LICIACube will also capture both impact and
non-impact sides of Dimorphos, performing
observations of critical importance for modelling the
outcome of the DART impact in terms of planetary
defense science [4, 5]. In addition to the CubeSat, a
Dispenser to house and deploy the CubeSat was provide
as well as an External Battery Charger (EBC) to
perform battery charge maintenance.

DART Mission Development Timeline

Milestone

Date

Preliminary Design Review (PDR)
Critical Design Review (CDR)
Integration Readiness Review (IRR)

April 2018
June 2019
March 2020
(pre-pandemic)
January 2021
Sept 2021
October 2021
24 Nov 2021
26 Sept 2022

Pre-Environmental Review (PER)
Pre-Ship Review (PSR)
Mission Readiness Review
Launch
Impact

The DART project faced many typical challenges
during its development: change in key staff, cost and
schedule over-runs for new technologies, late edition of
hardware, etc. While these risks can be anticipated and
mitigated, one challenge that provided an additional set
of issues was the global COVID-19 pandemic which hit
the United States in early 2020. DART was able to
successfully complete its Integration Readiness Review
in early March 2020, but completed the entire test and
launch campaign under COVID-19 restrictions.
The DART and LICIACube teams encountered many
unique engineering challenges during both design and
integration and test (I&T) due to the pandemic and
related travel restrictions. This paper highlights the
successes and lessons learned in reducing the
engineering risk associated with the LICIACube
development, test, and integration.

LEIA

LICIACUBE MECHANICAL
DESIGN APPROACHES

The spacecraft mechanical components of the
LICIACube assembly includes the Planetary Systems
Corporation (PSC) Dispenser, the custom mounting
bracket, and the thermal blankets.
The original
sequence of events was for the CubeSat, stowed inside
the flight PSC Dispenser, to be delivered to the DART
spacecraft prior to spacecraft environmental testing.
However, due to the pandemic, LICIACube was
delivered after spacecraft testing. This postponed

LUKE

Figure 3 3D view of the LICIACube spacecraft, with
the two payloads LEIA and LUKE onboard [6]
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delivery to I&T resulted in a test-as-you-fly exception
at the spacecraft level, and created many challenges for
the spacecraft team. The following discusses the
components of the LICIACube assembly, and the
engineering decisions made to overcome the challenges
of testing the DART spacecraft in the absence of the
CubeSat.

Finally, the CSD has the largest internal volume and
allows more room for solar panels and other
deployables. With an array of mount points, the CSD
allows mounting to any face. This reduces the necessity
for heavy interface structures and allows the CSDs to
be densely packaged on the spacecraft.

Procurement of Additional Flight Dispenser

The LICIACube bracket serves as the interface between
the PSC dispenser and the DART spacecraft primary
structure.
Several considerations were made to
optimize the design, placement, and orientation of the
bracket. The main function of the bracket was to
ensure no interference between the DART spacecraft
and the CubeSat when deployed by the PSC dispenser.
The DART spacecraft has several large external
components to avoid including two 8.5 meter (27.9
feet) long solar arrays, three antennas, and an ion
engine.
Taking these component locations into
account, the LICIACube assembly was designed to be
the only external component on its mounting panel, and
the bracket was designed with a 10-degree angle away
from the mounting panel and a 20-degree angle away
from the solar arrays axis. The placement of the
LICIACube assembly, not only met the requirements
for deployment, but also reduced engineering risk
associated with the late delivery of the CubeSat to I&T
due to ease of access for late integration.

LICIACube Bracket Design

Prior to the pandemic, consideration was given to
purchasing an engineering model dispenser to allow the
spacecraft team access to a dispenser. However, in
March 2020, a decision was made purchase a flight
model dispenser since the effects of the pandemic on
DART I&T were unknown at that time. Purchasing a
flight model allowed the dispenser to not only be used
for a number of mechanical, thermal, and structural
design decisions and tests, but it also provided a
potential back-up dispenser should there be issues with
the one purchased by LICIACube.
A dispenser identical to the one being used by
LICIACube was purchased from Planetary Systems
Corporation (PSC) [7]. The Canisterized Satellite
Dispenser (CSD) for a 6U CubeSat is shown in Figure
4. The CSD has flight heritage (TRL-9) and proven
mission success. It is a reliable, testable, and costeffective deployment mechanism for small secondary or
tertiary payloads. The CSD fully encapsulates the
payload during launch, therefore, providing privacy and
mission assurance for both the primary payload and
launch vehicle.

The aluminum bracket iterated through several designs
in order to meet structural load requirements. The
initial bracket, a simple sheet metal design, met the
structural requirements of having a stiffness greater
than 100 Hz and had positive margins of safety for its
design loads.
This design was provided to the
LICIACube team for evaluation and used in their
subsystem level structural analysis. While the design
met both interface requirements for the instrument
subsystem and structural requirements on the spacecraft
side, it was determined by the instrument team that its
first mode at 317 Hz fell right on top of the primary
modes of the LICIACube internal boards, thus
amplifying the loads into those boards in the random
environment. Late in the I&T flow, the LICIACube
team flowed a new requirement to the spacecraft team
for a bracket stiffness of greater than 600 Hz to avoid
the coupling. The spacecraft team quickly turned
around a machined bracket with rib features that, at the
cost of approximately 1 kg (2.2 lbs) of additional mass,
nearly doubled the first mode of the bracket to 623 Hz.
An important lesson learned from this experience is the
value of fully understanding the requirements from both
the spacecraft and instrument side prior to the initial
design of the bracket. An understanding would have
saved the time and labor required for the re-design and
would have likely resulted in a mass-optimized bracket

The CSD is easy to load, integrate, and operate and the
APL spacecraft team received the required training
from PCS to operate the dispenser. The CSD has no
consumables and allows users to stow a payload, eject,
and re-stow in seconds.

Figure 4 CSD 6U dispenser with access panels
removed, dimensions in inches [mm] [7]
Fretz
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design instead of the brute-force mass increase
approach that was necessary to get a working design
quickly turned around. With the newly designed
bracket and the APL procured dispenser, mechanical
fit-checks were performed to ensure correct mounting
interfaces. A significant benefit of having an identical
dispenser on-hand was the ability to verify
compatibility between the bracket and dispenser
interface, thus minimizing engineering risk of
incompatible hardware and another unexpected
redesign of the bracket during the critical installation of
the flight dispenser.

accurately represent the LICIACube assembly in the
testing, correlate results to thermal and structural
models, and provide confidence that the full spacecraft
was space flight ready without the CubeSat present.
The environmental tests included thermal vacuum,
mass properties, vibration, and shock.
For Thermal VACuum (TVAC) testing, the LICIACube
team provided a thermal simulator that represented the
thermal properties of the CubeSat.
The second
identical dispenser that was procured by APL was used
to represent the flight dispenser during TVAC.
Moreover, two identical interface brackets were
fabricated during production, and thus one could be
used for environmental testing, while the flight one was
with the LICIACube team for subsystem level testing.
With training from PSC, the DART spacecraft team
was familiarized with the dispenser and could properly
stow the thermal simulator into the identical dispenser,
see Figure 5 of the spacecraft team stowing the thermal
simulator into the dispenser. The dispenser, assembled
onto the identical flight spare bracket, was then
mounted to the spacecraft and blanketed.
The
spacecraft TVAC test with the dispenser was able to
verify the thermal interface between LICIACube
through the dispenser and the bracket to the spacecraft.
The testing also verified the LICIACube heater power
needed during the various phases of the mission.
Furthermore, this test data aided in successfully
correlating the thermal model. Successes in reducing
engineering risk during thermal vacuum testing
included procuring spare components such as the
dispenser and bracket. Additionally, training several
team members in the operation and handling of the
dispenser allowed for proper execution in the
installation of the thermal simulator. These foresights
minimized the setbacks in the overall testing of the
spacecraft and allowed spacecraft level thermal vacuum
testing to proceed on schedule.

LICIACube Thermal Blankets
LICIACube had thermal multi-layer insulation (MLI)
blankets, which externally wrapped around the PSC
dispenser leaving only a small area open for radiators.
The function of the thermal blankets was to insulate the
dispenser from the harsh space environment. The
blankets were made up of 15 layers of Mylar film and
Dacron netting with an outer layer of Kapton. The
spacecraft team designed and fabricated both two sets
of test blankets as well as the flight blankets using the
APL procured dispenser to minimize risk of fit errors.
One set of flight blankets were delivered to LICIACube
in Italy for use during the LICIACube subsystem
environmental testing. However, because travel was
banned due to the pandemic, no spacecraft team
engineers or technicians could accompany the blankets
to help with the installation. To aid in the proper
installation, a blanket installation procedure was created
with detailed pictures using the APL procured
dispenser. The spacecraft and LICIACube team also
held video conferences to walkthrough the details and
ensure proper installation of the blankets. No issues
were found in the installation, and the blankets were
used successfully during subsystem environmental
testing of LICIACube. The other set of test blankets
were used on the thermal simulator during spacecraft
environmental testing. The installation of the flight
blankets is an example of successful international
teamwork under the constraints of a pandemic.
Spacecraft-Level Testing in the Absence of
LICIACube
Spacecraft level environmental testing of the DART
spacecraft in absence of LICIACube meant that
verification of the interfaces needed to be thoroughly
tested. While the LICIACube assembly was tested on
the subassembly level as required for all components,
the purpose of spacecraft level environmental testing is
to ensure the full spacecraft assembly can successfully
survive and continue to function in the harsh
environments of launch and space. With the absence of
the CubeSat, decisions had to be made on how to most
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Figure 5 Stowing Thermal Simulator into Dispenser
in Preparations for Thermal Vacuum Testing
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represented realistic loading of the local spacecraft
panel and the spacecraft base bending moment, both
objectives of the spacecraft level test.
The spacecraft level shock tests simulate loads from the
launch vehicle separation as well as self-shock from
deployed components on the spacecraft. The absence
of LICIACube was not critical to the spacecraft level
separation shock test as its location on the spacecraft
places it significantly far away from the shock source,
and the shock load that does reach LICIACube is
considered low potential for damage. However, in
regards to self-shock, without the full instrument
subsystem on the spacecraft, no testing evaluation could
be done of how the dispenser shock propagates into the
spacecraft. However, because as described above,
LICIACube was placed on a panel by itself as result of
its deployment requirements, the risk of not performing
a deployment to evaluate self-shock at the spacecraft
level was deemed very low since there are no
components close by for local shock propagation.
Successes in reducing engineering risk during structural
testing included already having a mass simulator of
LICIACube available in storage, having it designed at
greater than 100 Hz, and having it mounted on a panel
by itself away from other spacecraft components.

Figure 6 LICIACube Mass Simulator Mounted on
the DART Spacecraft During Vibration Testing
For mass properties, vibration, and shock testing,
important aspects to consider were accurately
representing the mass, center of mass (CM), and
footprint of the LICIACube assembly. From previous
modal testing of the spacecraft structure one year prior
to spacecraft level environmental testing, a mass
simulator was already fabricated to represent these
qualities of the combined CubeSat and the dispenser,
Figure 6 shows the mass simulator on spacecraft. This
mass simulator mounted on the flight-like bracket was
deemed acceptable as a representation of the
LICIACube assembly for some of these tests.

The LICIACube flight assembly was delivered to
DART I&T one month after spacecraft level
environmental testing and one month prior to spacecraft
shipment to the launch site. Due to the external
location on the vertical –X panel, this later delivery date
could easily be accommodated. The flight assembly
included mechanical ground support equipment
(MGSE) such as handles and doorstops, which were
vital in the installation process. The full assembly mass
was appropriately 22kg (48.5lbs). The team utilized the
overhead crane and the side handles in order to safely
and properly install the assembly on the vertical panel
at the 20-degree angle, see Figures 7, 8 and 9 for
installation sequence. Several practice runs from
installing the mass simulator enable smooth installation
of the flight assembly. Since delivery was late in the
flow, the team worked together to ensure that the
interfaces were kept as simple as possible and were
practiced through the I&T flow. Prior to launch, the red
tag doorstops were removed and the final blankets were
closed out, see Figure 10 for final blanket close out.

The mass properties test of the spacecraft provides
accurate center of gravity and moments of inertia
results, which are required as deliverables to the launch
vehicle. For this test, no mass simulator was used
because the simulator had slightly differing mass and
CM compared to the built flight assembly. The absence
of the mass was not a concern because the instrument
team provided the subassembly mass properties. These
inputs were easily added to the results post-test, and the
overall spacecraft mass properties were calculated with
high confidence.
The spacecraft vibration test simulates the vibration
environment of launch. The LICIACube and interface
bracket assembly have a first mode above the cutoff
frequency of 100 Hz for the spacecraft level sine
vibration environment. As a result, representing the
missing instrument with its mass simulator lead to a
successful vibration test because the simulator
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Figure 10 Final Closeout of the LICIACube
Blankets Prior to Launch

Figure 7 Installation of Flight LICIACube Assembly
(1 of 3), On Overhead Crane

SPACECRAFT
INTERFACES

-

LICIACUBE

ELECTRICAL

The electrical interfaces between the spacecraft and
LICIACube were greatly simplified due to the highlyintegrated nature of the CubeSat. The electrical
interfaces are depicted in Figure 11.
Individual
electrical power interfaces were provided for
LICIACube battery charging and 2 heaters. Direct
battery temperature monitoring was through the
spacecraft data acquisition electronics with a slight
modification to accommodate the thermistor used by
LICIACube. The spacecraft also provided additional
power services directly to the dispenser for the door
opening deployment [7]. Housekeeping telemetry for
the canister door open/close and occupied states were
connected as well as a spacecraft temperature sensor at
the spacecraft bracket to monitor the thermal interface.
Figure 8 Installation of Flight LICIACube Assembly
(2 of 3), Approaching Spacecraft

Figure 11 LICIACube to Spacecraft Electrical
Interfaces Diagram

Figure 9 Installation of Flight LICIACube Assembly
(3 of 3), Successful Installation to Spacecraft
Fretz
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Figure 12 LICIACube to Spacecraft Integration Process
the dispenser system. LICIACube was now flight ready
and delivered successfully to the spacecraft I&T team.

INTEGRATION AND TEST OF LICIACUBE
WITH THE DART SPACECRAFT AT APL
The DART launch campaign was a ship and shoot
concept that had no allocation of schedule time (or
schedule reserves) for integration of LICIACube at the
launch site. With delivery of the flight hardware to the
I&T team prior to shipment of the spacecraft to the
launch site, several early engineering concepts were
developed by the JHU/APL and the Argotec teams to
mitigate and foster a successful and timely integration.
The integration steps are shown in Figure 12.

With LICIACube mounted to the spacecraft, safe-tomates and electrical checks were conducted by
spacecraft I&T technicians. Electrical checks included
passive and powered (voltage and current) checks into
the External Battery Charge (EBC) electronics. Once
these interfaces were verified, flight harness mates
closed out the electrical checkout and LICIACube was
ready for check of the battery charge function. This
operation included powering LICIACube via the DART
power distribution unit (PDU) and monitoring voltages
provided from the EBC test port connection. With
nominal results, LICIACube was now ready for flight.

To start, LICIACube and associated electrical ground
support equipment (EGSE) was shipped to JHU/APL
prior to Argotec I&T personnel arriving. With the
flight hardware delivered to I&T and Argotec team
members on-site at JHU/APL, an informal Integration
Readiness Review (IRR) was held between DART
spacecraft and Argotec I&T teams. The result of the
review validated that all required test data was
acceptable, any previous problems of the hardware
closed out, and the delivered flight hardware was ready
for integration to the spacecraft.
After a successful review and flight hardware extracted
from its shipping container, bench level checks to
verify LICIACube had survived shipment began. These
checks included functional checks of the electrical,
data, and propulsion pressurization systems of the
CubeSat. Figure 13 shows the test set-up to verify postshipment condition. Following a successful checkout,
the Argotec removed all non-flight, red-tag items,
performed final torque and stake of canister plate
fasteners followed with final stowing operations into
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Figure 13 LICIACube configured with EGSE
equipment for bench testing.
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One last test remained to checkout LICIACube. The
deployment interface to the spacecraft PDU underwent
the same electrical checkouts as the EBC for
verification. Upon completion, the spacecraft harness
was mated and arming plugs for the spacecraft safety
bus installed. For the deployment check the teams used
a “pop-and-catch” where a door open restraining device
was used so that LICIACube would not actually deploy.
Eventually this test provided an end-to-end test of the
power system on the spacecraft and deployment device
on dispenser.
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CONCLUSION
The paper describes the highly successful integration of
the ASI Argotec LICIACube CubeSat and dispenser
with the DART spacecraft. Facing a challenging
development schedule that was complicated by COVID
protocols and restrictions, the teams consolidated on an
approach for minimal and clean mechanical, thermal
and electrical interfaces. An adaptable spacecraft
environmental test program accommodated LICIACube
integration after completion of milestone vibration and
thermal vacuum testing through the use of a mass
simulator and a thermal emulator installed in the spare
dispenser. The delivery of the LICIACube hardware
and post-shipment testing validated the hardware
integrity, and the spacecraft mechanical and electrical
integration activities moved forward with no issues.
Through the efforts of the international teams, the
DART spacecraft arrived at the launch site with
LICIACube fully integrated. Final pre-launch checks
were made on-site and the spacecraft successfully
launched towards its historic rendezvous with
Dimorphos as Earth’s first planetary defense mission.
For more information on the DART mission, please see
https://www.nasa.gov/planetarydefense/dart/dart-news
and https://dart.jhuapl.edu/.
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